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recognised-as-safe microorganisms. Vectors comprising these genes are also described. 



< 

CO 

© 
o 

CD 

o 



Q. 

LU 



Xerox Copy Centre 



EP 0 406 003 A1 



MARKER GENES FOR GENETIC MANIPULATION 



The present invention relates to environmentally safe selectable markers for use in genetic manipulation 
procedures, and in particular to the use of the thymidylate synthase gene as such a marker. 

To date the genetic engineering of microorganisms has depended almost entirely on the use of 
antibiotic resistance genes, either to genetically label recipient cells or to identify and maintain plasmids 
s used as vectors in genetic engineering protocols. The release of genetically engineered microbes (GEMS) 
into the general environment, their use in agriculture and food processing industries or their use in health 
care industries is likely to be curtailed by regulatory agencies if the strains carry antibiotic resistance genes. 
There is an obvious need, therefore, for marker genes which can be substituted for antibiotic resistance 
genes and which will not have any consequence which might retard clearance by regulatory agencies of 
10 GEMS carrying the substitute marker genes. 

The necessity for selectable marker genes to substitute for antibiotic resistance genes has been 
mentioned in the recent literature in relation to the use of genetically engineered microbes for food 
applications. Herman and McKay (1986) commented on the unsuitability of antibiotic resistance markers 
and suggested that the gene for B. galactosidase which they cloned from Streptococcus thermophilus was a 
75 suitable food grade marker gene. In three separate papers Dutch workers also commented on the 
unsuitability of antibiotic resistance genes for food applications and suggested substitution by genes 
associated with lactose metabolism, copper resistance and bacteriocin resistance (de Vos, 1986; de Vos, 
1987; de Vos and Simons, 1988). 

In addition, in the case of the development of attenuated vaccine strains, particularly those derived from 
20 pathogenic microorganisms, it would be highly desirable to carry out genetic manipulation without using 
antibiotic resistance markers. This would avoid the possibility of creating pathogenic microorganisms 
bearing antibiotic resistance genes, which would be extremely hazardous if accidentally released into the 
environment. 

It is an object of the invention to develop a marker gene which can be safely substituted for antibiotic 

25 resistance genes in genetic engineering procedures. 

The present inventors have discovered that the thymidylate synthase (TS) gene is suitable to replace 
antibiotic resistance genes as a selection marker. In particular, the thymidylate synthase gene from 
Streptococcus lactis , a species of bacteria used routinely for cheese manufacture (and therefore estab- 
lished as a safe microbe) is a suitable candidate as a marker gene which can substitute for antibiotic 

30 resistance genes, especially as a "food grade" marker gene. Thymidylate synthase (5, 10- 
methylenetetrahydrofolaterdUMP C-methyl-transferase; EC 2.1.1.45) plays a key role in DNA synthesis; it 
catalyses the reductive methylation of dUMP to dTMP with concomitant conversion of the cofactor 5, 10- 
methylenetetrahydrofolic acid to 7,8-dihydrofolic acid. This activity is an essential step in de novo 
biosynthesis of DNA. Cells which have lost TS activity, through mutation in the TS gene, cannot make DNA 

35 and cannot survive unless supplied with thymine or thymidine, which they convert to dTMP by an 
alternative pathway. 

The thymidylate synthase gene has been extensively studied because of its essential role in synthesis 
of DNA de novo and because it is an important target enzyme for chemotherapy. The TS gene has been 
cloned and sequenced from at least 10 sources (Table 1). The deduced amino acid sequences of TS 
40 proteins have been compared (Hardy et ad ., 1987; Bzik et al ., 1987) and show remarkable homology. 
However, the present inventors have surprisingly found that ifhas not previously been suggested that the 
TS gene could be used as a marker gene to construct vectors or to label cells as a replacement for 
antibiotic resistance genes. 

The TS gene from Lactobacillus casei is another candidate as a suitable antibiotic resistance substitute 
45 gene as its source would be regarded as a safe microbe. 

According to the present invention there is provided a vector devoid of antibiotic resistance genes and 
bearing a thymidylate synthase gene as a selection marker. 

In a particular aspect the vector may bear a thymidylate synthase gene derived from a G.R.A.S. 
(generally recognised as safe) micro-organism. The thymidylate synthase gene may suitably be derived 
so from Lactobacillus casei or Streptococcus lactis . Particularly preferred are vectors bearing the thymidylate 
synthase gene deposited in accordance with the Budapest Treaty, in plasmid pGDT11 at the National 
Collection of Industrial and Marine Bacteria, Torry Research Station, Aberdeen, Scotland, under accession 
No. 40153 on 2nd June 1989, or the thymidylate synthase gene having the DNA sequence shown in Fig. 11 
and vectors derived therefrom, mutants thereof and DNA from any of th foregoing, provided that the 
essential property of encoding thymidylate synthase activity is retained. 
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The invention further relates to the thymidylate synthase gene deposited in accordance with the 
Budapest Treaty, on 2nd June 1989 at the National Collection of Industrial and Marine Bacteria, Torry 
Res arch Station, Aberdeen, Scotland, under accession No. 40153, and to the thymidylate synthase gene 
having the DNA sequence shown in Fig. 11, and genes derived therefrom, mutants thereof and DNA from 
5 any of the foregoing, provided that the essential property of encoding thymidylate synthase activity is 
retained. 

The present invention also provides vectors and genes which are substantially similar to* the above 
vectors and genes, that is vectors and genes which encode thymidylate synthase activity. Preferaby, such 
vectors or genes comprise mutants of the above described vectors or genes, or which have at least 30%, 
jo more preferably 50% and most preferably at least 80% homology with the region of DNA in the vector or 
gene which encodes thymidylate synthase activity. 

"Substantially similar" vectors and genes should encode thymidylate activity. 

It will be appreciated that such vectors and genes may vary widely within the scope of the invention 
and may be derived ab initio or from the deposited material or sequence disclosed herein, provided that the 

75 thymidylate synthase~activity is retained. The vectors, genes and/or the coding DNA may be in any suitable 
form which may include mutations such as deletions, insertions, inversions and variants based on the 
degeneracy of the genetic code and/or replacement of non-essential amino acids. 

The invention also provides host cells comprising a vector or a gene as defined above. 
The invention relates to all of the above materials in isolated and/or biologically pure form. 

20 In a further aspect the invention provides a method of genetically labelling a cell which has received a 
gene of interest which comprises coupling the gene of interest with a thymidylate synthase gene as 
disclosed above and transforming a recipient cell, which is devoid of thymidylate synthase activity, with the 
coupled gene of interest and thymidylate synthase gene, such that cells which have received the gene of 
interest will be thymidylate synthase positive. 

25 The invention also provides a method of stably maintaining a gene of interest in a cell which has 
received the gene of interest by genetic manipulation, comprising coupling the gene of interest to a 
thymidylate synthase gene, transforming a recipient cell, which is devoid of thymidylate synthase activity, 
with the coupled gene of interest and thymidylate synthase gene, and maintaining the recipient cell in a 
culture medium devoid of or limited in thymidine or thymine such that only cells which maintain the 

30 thymidylate synthase gene grow. 

Strains of microorganism devoid of thymidylate synthase activity (i.e. TS~) can easily be distinguished 
from normal TS* strains. In chemically defined growth media, which support good growth of TS + strains, 
TS~ cells die unless the medium is supplemented with thymine or thymidine. Many complex growth media 
containing yeast extract, peptones etc. usually do not have sufficient thymine or thymidine to support 

as growth of TS~ strains. On plates which support formation of clearly visible colonies by TS* cells, TS~ cells 
fail to grow or at best form a barely visible background growth. For example. TS* Escherichia coli form 
substantial colonies on Luria and Bertani (LB) plates, LB plates being used routinely for genetic engineering 
work (Maniatis et al . 1982) whereas TS" cells form clearly visible colonies only when LB is supplemented 
by thymidine orthymine (up to 25mg/L). 

40 Strains which are TS" can be converted to TS* by transforming the TS" cells with plasmids which 
have a cloned S. lactis TS gene or a TS gene from other microorganisms. For many applications a safe 
microorganism would be preferred. The TS transformants are easily selected by plating on media such as 
LB which does not support colony formation by the untransformed TS~ cells. This means that the S. lactis 
TS gene functions as a positive selection gene. Plasmids with the S. lactis TS gene can be used as vectors 

45 to bring other unselected genes into suitable TS~ recipients and such vectors can therefore be developed 
for genetic engineering work as substitutes for vectors with antibiotic resistance genes. 

Furthermore, cloned vector plasmids with the S. lactis TS" gene will be stably maintained in TS cells in 
media or environments which do not have sufficient thymine or thymidine, as loss of the plasmid results in 
cell death. In the specific case of the dairy industry milk does not have sufficient thymine or thymidine to 

so support proper growth of TS" E. coli cells whereas the presence of the S. lactis TS plasmids in such cells 
allows full growth and stable mafntenance. 

The abreviations TS and Thy are both used to denote the thymidiylate synthase gene in the literature, 
while in the present specification the abbreviation TS alone is used. 

55 

Detailed Description of the Drawings 

Fig. 1a : Growth of E. coli X2913 (TS") with plasmid pLAFRI in the presence (squares) and absence 
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(triangles) of thymidine. 

Fig. 1b : Growth of E. coli X2913 with complementing cosmid, pBT5, in the presence (solid triangles) and 
absence (hollow triangles) of thymidine. 

Fig. 2 : Restriction endonuclease map of plasmid pSBT7. Streptococcal insert DNA is indicated by the 
5 heavy line. A non-complimenting derivative of pSBT7, pTTN4, was constructed by Tn 5 insertion at the 
position indicated by the arrow head in the above map. 

Fig. 3 : Construction of the complementing plasmid pACTIO. Streptococcal DNA is indicated by the 
heavy line. 

Fig. 4 : Hybridisation of the labelled streptococcal TS gene with chromosomal DNA from S. lactis 712 

w and other species. ~~ 

Lanes 1 and 2 refer to pBT5 and pBT2 (TS complementing cosmids) digested with Hind III. Lanes 3, 4, 
5, 6 and 7 refer to Hind III cut chromosomal DNA from S. lactis 712, S. lactis MG1363 S, cremoris 
UC317, Lactobacillus helveticus 1829 and Pseudomonas fluorescens M1 Irrespectively. Hybridization of 
the label led TS gene on a 2.7 Kb Hind III fragment to each of the DNA preparations in lanes 1-7 is 

75 shown in the corresponding lanes 1 to 7 . The streptococcal TS gene hybridized with bands of similar 
size contained in Hind III digests of cosmids pBT5 (lane l') and pBT2 (lane z") and total DNA of S. lactis 
subsp. lactis 712 (lane 3') and its plasmid free derivative MG1363 (lane 4'). The probe did not hybridise 
to total DNA of S. cremoris UC317 (lane 5), Lactobacillus helveticus 1829 (lane 6') or Pseudomonas 
fluorescens M114 (lane 7 ). ~~~ " ~ — 

20 Fig. 5 : Proteins synthesised in E. coli maxicells. The fluorograph shows 355-labelled proteins produced 
by E. col i maxicells carrying pBR322 (lane 2), pTTN4 (lanes 3 and 4) and pSBT7 (lane 5). The 30 kDa 
TS sprotein is clearly identifiable in lane 5 (labelled thyA). It is likely that the protein bands at about 18 
kDa in lanes 3 and 4 correspond to truncated proteins made from the TS gene disrupted by Tn5. 
Fig. 6 : Proteins synthesised in an E. coli in vitro transcription/translation system from plasmids 

25 pACYC184 (lane 1) and pACTIO (lane 2). The TS gene of 30 kDa is clearly identifiable among, the 
expression products of pACTIO. 

Fig. 7 : Construction of the E. coli /streptococcal shuttle plasmids pAMT7 and pAMTIO.. Streptococcal 
DNA is indicated by the heavy lines. The TS gene is on the fragment containing the Pvu II and Nco 1 
sites. 

30 Rg. 8 : Construction of plasmid pGDT11. Streptococcal DNA is indicated by the heavy line. 

Fig. 9 : E. coli HX2 (TS~) transformed with pGDT1 1 DNA formed dark blue isolated colonies on LB-X gal 
(A). Four ofthese colonies were unable to grow on plates containing tetracycline (C) but grew well on the 
LB-X gal plates (B). 

Fig. 10 : Colonization of the roots of alfalfa plants by Rhizobium meliloti CM2 Rif and TS~ derivatives in 
35 soil. Pregerminated seeds were sterilized, coated with approximately 10 6 cells form one of the rhizobial 

cultures used in the experiment and grown in non sterile soil. Plants were chosen at random and the 

numbers of the rhizobium strains adhering to the roots were counted on MSY plates (minimal salts with 

yeast extract) containing rifampicin, cycloheximide and thymidine. The TS phenotype of colonies from 

each strain used was confirmed. 
40 CM2 Rif : hollow squares; CM2 Rif TS" : solid diamonds 

CM2 Rif TS" [pGDSOO] : solid squares 

CMS Rif TS" [pGDT1 0] : hollow diamonds 

Rg. 11 : The DNA sequence encoding the lactococcal TS gene. The predicted amino acid sequence of 
thymidylate synthase is shown below the condons. Both the nucleotide sequence and the amino acid 
45 sequence are numbered to the right of the sequences. Putative -10, -35 and ribosome binding sites (SD) 
are boxed as is a TG dinucleotide 5 to the putative -10 sequence. The positions of the Nco I and Eco 
RV restriction sites are also indicated. The underlined nucleotides correspond to non-lactococcal vector 
DNA sequences. An inverted repeat region is indicated by arrows. 

50 Detailed Description of the Invention 



isolation of the thymidylate synthase gene (TS) from Streptococcus lactis 

55 A gene bank of the entire genome of Streptococcus lactis strain 712 was first constructed. A total DNA 
preparation extracted from S. lactis 712 was partially digested with the endonuclease Eco R1 and inserted 
into the Eco R1 sit of DNA from the cosmid pLAFRL The cosmids with S. lactii~ DNA inserts were 
selected following introduction into Escherichia col i LE392. The average inserfsize is 24 kb (SD 6.1) and 
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the total bank consists of 1 ,000 clon s. 

Cosmids with inserts which contained the a jaggs TS gene were identified by testing the ability of each 
cosmid to complement the TS" mutation oFE. coli X2913. Five complementing cosmid clones w r 
identified in this way and one, pBT5, was selected for detailed analysis. Cell-free extracts of E. coK X2913 
5 harbouring pBT5 had substantial thymidylate synthase activity whereas cell-free extracts of X2913 without 
the plasmid had none (Table 2). The cosmid pBT5 allowed E. coli X2913 to grow at its maximum rate in the 
absence or presence of thymidine (Fig. 1). indicating that the S. lactis TS gene was strongly expressed in 
E. coli . 

A~subclone of pBT5 was constructed by partial digestion with Sau 3A into the BamH1 site of pBR322. 

10 The construct, designated PSBT7, which has 5.3 kb of S. lactis DNA, was mapped by endonuclease 
mapping and subjected to transposon mutagenesis by Tn5~7nsertion. The endonuclease site map and the 
position of a transposon which abolishes TS" compli mentation ability are shown in Fig. 2. 

The size of the TS" complementing S. lactis DNA was further reduced to about 1.2 Kb in two steps. 
First the 2.7 Kb internal Hind III fragment of the S. lactis insert in PSBT7 was inserted into pACYC184; the 

75 construct, pACT7 (Fig. 3) complemented TS" ETcoli strains. Then Bal 31 deletion from the pst I site of 
pACT7 was used to delete S. lactis DNA outside~theTS coding area The plasmid pACT10, with about 1.2 
Kb of S. lactis DNA, had the smallest insert which complemented TS" mutations in E. coli strains. The 
insert irTpACTIO has one Nco 1 site and one Pvu II site, but the latter was subsequently shown to be 
outside the coding region. ~ ~ 

20 That the TS gene cloned is indeed S. lactis 712 DNA was confirmed by DNA-DNA hybridization 
experiments. The 2.7 Kb Hind III insert of~pACT7 was labelled with biotin-11-UTP and this probe clearly 
hybridized with Hind III cut bands of total DNA from S. lactis 712 and its plasmid-free derivative MG1363 
but not with similar preparations of DNA from a cremoris UC317, Lactobacillus helveticus 1829 or 
Pseudomonas fiuorescens M114 (Fig 4). 

25 The product of the cloned S. lactis TS gene was identified as a protein of approximately 30 KDa in E. 
coli maxi-cell (Rg. 5) and E. colTcell-free transcription-translation preparations (Fig. 6). 

The cloned S. lactis TS" gene has regulatory regions which are recognised both in E. coli and S. lactis . 
This was showrTby inserting S. lactis DNA containing the TS gene in both orientations into the shuttle 
vector pAM401 which replicatesln E. coN and S. lactis strains ( Rg. 7). The constructs pAMT7 and pAMT10 

30 were transformed into E. coli and S Tlactis strains and expression of the TS gene from both constructs and 
in both bacterial species was clearly demonstrated, by assay of cell-free extracts for thymidylate synthase 
activity (Table 3). The fact that the cloned TS gene in pAMT7 is in the opposite orientation to that in 
pAMT10 and that both are equally expressed shows that the cloned fragment has its own regulatory 
sequences which are recognised in E. coli and S. lactis . 

35 

Determination of the DNA sequence of the TS gene from S. lactis 

The sequence of the TS gene isolated from S. lactis was derived using the chain terminating method of 
40 Sanger et al (1977) with a sequencing kit obtainedlrom Amersham (U.K.). 

Demonstration that the Streptococcus lactis TS gene can be used as a positive selectable marker gene in 
transformation protocols. 
45 ~~ 

In this experiment two piasmids pSBT7 (derived from pBR322) and pACT7 (derived from pACYC184) 
which have the S. lactis TS gene were used to transform E. coli X2913 TS". 

The plasmid~pSBT7 consists of plasmid vector pBR322 with a 5.7 kb streptococcal insert containing the 
TS gene in its BamHl site. Strains containing this plasmid display a resistance to ampicillin but not 
so tetracycline. This plasmid complements TS" E. coli mutants. pSBT7 was contructed from the low copy 
number cosmid pBT5. This involved generating a partial Sau 3A digest of pBT5 which was ligated directly 
to pBR322 previously digested with BamHl. The resultant plasmid DNA was transformed into E. coli X2913 
TS" using ampicillin resistance (Ap 1 ) of pBR322 as a selectable marker. From the Ap r transforrnants, TS* 
clones were identified by patching on LB plates since E. coli X2913 does not grow on LB without 
65 supplementation with thymidin . Approximately 2% of the resultant clones carried the TS gene. Plasmid 
DNA isolated from these complementing clones varied in siz from 9.7 kb - 17 kb. The smallest of these 
piasmids pSBT7 was selected for further study. 

The plasmid pACT7 consists of plasmid vector pACYC184 with a 2.7 kb streptococcal ins rt containing 
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the TS gene. Strains containing this plasmid display a resistance to chloramphenicol but not tetracycline. 
This plasmid also complem nts 75 E. coN mutants. pAT7 was contracted simply by ligating Hindlll cut 
pSBT7 with Hindlll cut pACYC184. Resultant plasmid DNA was transform d into E. coli HX2 TS" using 
chloramphenicol resistance (Cm 1 ) of pACYCI84 as a selectable marker. All the resuitint complementing 

5 plasmids contained the 2.7 kb Hindlll fragment. One such plasmid was designated pACT7. 

Approximately 1ug of plasmid DNA and 10 10 competent recipient cells were used in each transforma- 
tion. Each transformation mix was plated on LB plates which do not have sufficient thymidine to support 
growth of E. coli X2913 TS~. Over 10 4 colonies grew from each transformation mix. Control plates with 
X2913 alone showed no growth. 

10 Since pSBT7 has the ampicillin resistance gene of pBR322 and, likewise, PACT7 the chloramphenicol 
resistance gene of pACYCI 84, 1 00 TS colonies from each transformation were tested for acquisition of the 
relevant antibiotic resistance marker. All were positive, proving that the TS gene was an efficient marker 
gene of pSBT7 and pACT7 and could be used as the primary positive selection marker in transformation 
experiments. 

75 

Comparison of the efficiency of the Streptococcus lactis TS gene with that of antibiotic resistance genes as 
selectable markers in transformation experiments • 

20 In this experiment two plasmids, RBRT10 which has the cloned TS gene and an Ap r gene and pACTtO 
which has the TS gene and a Cm r gene were used to transform E. coli HX2 a TS~ derivative of E. coli 
HB101 which is ampicillin sensitive and chloramphenicol sensitive. About 8 x 10 10 HX2 cells and 0.5ug~of 
plasmid DNA were used in each transformation. Plasmid DNA from pACYC184 from which pACT10 was 
constructed was used as a control. 

25 The transformation mixes were plated on LB plates (selects TS* transformants), LB ampicillin and LB 
chloramphenicol plates. The results in Table 4 show that the numbers of transformants were similar whether 
the genetic marker used for selection was TS, or antibiotic resistance. 

One hundred TS* transformant colonies from each experiment were checked for the acquisition of the 
antibiotic resistance gene of the plasmid used in the transformation; all had acquired the relevant marker. 

30 The experiment clearly shows that the TS gene is as efficient a selection marker as the ampicillin resistance 
or chloramphenicol resistance genes of plasmids derived from pBR322 or pACYC184. 



Construction of a cloning vector which relies on the thymidylate synthase gene of Streptococcus lactis 712, 
35 instead of antibiotic resistance markers, as a positive selection marker. 

Plasmids designed for genetic engineering of strains ultimately to be released into the food chain or the 
environment, should be free of antibiotic resistance genes. We have constructed a plasmid pGDT11 which 
has the S. lactis TS gene fused to the E. coli 0-galactosidase gene, is free of antibiotic resistance genes 

40 and has suitable sites available for cloning of other genes. 

Plasmid pGDT11 was derived from pGD500 a broad host range Gram negative plasmid with a 
tetracycline resistance (Tet r ) gene and promoterless lac operon downstream of a Bam H1 cloning site (Fig. 
8). The TS gene of pACT10 was inserted into this Bam H1 site. The resultanfconstruct, pGDT10, was 
obtained by transformation of E. coli HX2 (TS - ) and selection on LB plates with tetracycline. When PGDT10 

45 was retransformed into E. coli 7118 lac and plated on LB tetracycline plates with X-Gal (5-bromo-4-chloro-3- 
indoiyl-jS-D-galacto-pyranosidase), all the transformants were dark blue, showing that in pGDT10 the TS 
gene was fused to the lac operon, such that the lac operon DNA was being expressed from a promoter on 
the DNA fragment encoding the TS gene. — 

To complete the construction, the tef gene was excised by digestion of pGDT10 with Sma 1 and 

so religation; the construct, pGDT11, was obtained by transformation of E. coli HX2 (TS~) and selection on LB 
plates with X-Gal but without tetracycline. The transformant colonies weri~blue and sensitive to tetracycline 
(Fig. 9). pGDT11 has several sites (e.g. Bam H1, Bgl II, Sal 1) whjch can be used for cloning other genes. 
In addition, the TS-lac fusion can be excised from pGDT11 by cutting with Bam H1 and Sal 1 and used to 
construct other plasmids without recourse to antibiotic selection. The TS-lac fusion has an~Eco R1 site in 

55 the lac Z gene which also can be used for cloning, and clones with inserts" will b distinguishable on LB- 
XGal plates as white colonies due to insertional inactivation of the lac Z gene. 

The plasmid pGDT11 was deposited in E. coli HX2 at the National Collection of Industrial and Marine 
Bacteria, Torry R search Station, Aberdeen. Scotland on 2nd June 1989 under accession No. 40153. 
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Demonstration that the streptococcal TS gene can be used as a positive selectable mark r in bacteria other 
than EscherichiFcbiT " 

Construction of pGDTIO. (Fig. 8) derived from the broad Gram negative host range plasmid pGD500 

5 allowed the efficiency of the TS gene as a selectable gene marker in a Gram negative bacterium other than 
E. coli to be tested. The agronomically important Rhizobium meliloti CM2 was chosen as the test bacterium 
Indlrom this strain TS"" mutants were isolated by plating out approximately 5 X 10 9 cells on MSG medium 
(minimal salts glutamate medium, O'Gara and Shanmugan, 1976) containing thymidine and the anti-folate 
drug aminopterin according to the method of Stacey and Simpson (1965). 

w One of these mutants R. meliloti CM21 was used to compare the efficiencies of the TS gene and the 
tetracycline resistance (TcTgene of pGDTIO to select CM21 strains carrying the plasmid. Using the 
plasmid pRK2013 as a helper plasmid pGDTIO was conjugated into R. meliloti cm2 accoridng to the 
method of Ditta et al . (1980) and the mating mix was plated on MSG and MSG containing both tetracycline 
and thymidine, fhenumbers of pGDTIO transconjugant colonies were similar on both media (7 x 10~* per 

is recipient). In control mating pGDSOO transconjugant colonies appeared on MSG plates containing 
tetracycline and thymidine but not on MSG plates alone. These results show that the streptococcal TS gene 
complemented the TS mutation of R. meliloti CM21 and further demonstrated that the TS gene was just as 
efficient a primary selection markerTs the tetracycline resistance gene in conjugation experiments. 

Dependence of a TS" mutant of Rhizobium meliloti on the streptococcal TS gene for colonisation of 

20 alfalfa plants 

A TS~ mutant of a rifampicin resistant (Rif) derivative of R. meliloti CM2 was made as indicated in the 
previous section. In addition the pGDTIO plasmid containing the TS gene from S. lactis and pGD500, from 
which pGDTIO was derived, were conjugated into the R. meliloti Rif TS" cultures. The abilities of R. 
meliloti CM2 Rif, R. meliloti Rif TS", R. meliloti Rif TS" [pGD500] and R. meliloti Rif TS~ [pGDTIO] to 

26 colonize alfalfa plants was measured. Pre germinated alfalfa seeds were inoculated with each of the 4 
strains grown in soil and analysed for rhizobial numbers according to the method of Stephens et ai (1987). 
The results (Fig. 10) show that pGDTIO allows the TS~ mutant of R. meliloti to survive as well as the wild 
type TS* strain whereas the numbers of the TS"" mutant and the TSr mutant containing the control plasmid 
pGD500 decreased over 1 ,000 fold in 30 days. 

30 Furthermore, nodules were formed on all 20 plants inoculated with R. meliloti Rif TS - containing 
pGDTIO whereas nodules were not formed on any plants inoculated with the TS" mutant or the TS~ mutant 
containing pGDSOO. This experiment clearly shows that the TS gene from Streptococcus lactis allows stable 
maintenance of the plasmid pGDTIO in a natural environment. 



35 



Abbreviations 



45 



40 



GEMS 
TS 



G »R • A» S 
LB 

X-gal 




MSG 
MSY 



genetically engineered microbes 
thymidylate synthase 
generally recognised as safe 
Luria and Bertani (medium) 

5-bromo-4-chloro-3-indolyl-B-D-galacto-pyranosidase 

ampicillin resistant 

chloramphenicol resistant 

tetracycline resistant 

rifampicin resistant 

minimal salts glutamate medium 

minimal salts with yeast extract 
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Streptococcus lactis has been renamed Lactococcus lactis subsp. iactis but the former name has been 
used in this text ~~ ~~ — 
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Table 1 



Sources of cloned and sequenced thymidylate 


synthase gene 


Source 


Reference 


Escherichia coli 
Lactobacillus casei 
T4 phage 
Q 3T phage 
Herpesvirus saimiri 
Varicella zoster virus 

Plasmodium falciparum 
Leishmania major 
Human cells 
Mouse cells 


Belfort etal ., 1983 
Pinter et al ., 1988 
Chu etal ., 1984 
Kenny etal ., 1985 
Honess etal ., 1986 
Thompson"et al ., 
1987 

Bzik et al ., 1987 
Beverley et al ., 1986 
Takeishi efaT., 1985 
Perry maneFal ., 1986 
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TABLE 2 



Thymidylate synthase activity in s 
Escherichia coli X2913 (TS~) cells 
complemented by plasmids with inserts of 
DNA of Streptococcus lactis 712. 


Plasmid 
Strain 


Thymidylate Synthase Activity 
(Umol.min-1.mg protein) 


1. pLAFR1 

2. pBT5 b 

3. pBT5 b 


0 a 

0.043 ±0.011 
0.05 t 0.01 3* 



thymidine (50ug/ml) added to growth medium. 
is b pLAFRI with a 22 Kb Streptococcus lactis 712 insert. 



TABLE 3 

20 



Thymidylate synthase activity in cells containing pAMT10 
and pAMT7 plasmids. 


Plasmid Strain 


Thymidylate Synthase Activity 
(u,mol.min~ 1 .mg protein) 


E. coli HX2 [pAMT7] 
E. coli HX2 [pAMT10] 
E. coli HX2 [pAM401] 
S. lactis MG1363 [pAMT7] 
S. lactis MG1363 [pAMT10] 
S. lactis MG1363 


0.047 ± 0.006 
0.024 ± 0.008 
0 

0.035 ± 0.002 
0.032 ± 0.005 
2.48 x10~ 3 ± 1.54 X10" 3 
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TABLE 4 



Plasmid 


Number of transformants (units of 10 5 /tig 




DNA) using as selection marker 




TS + 


Ap r 


Cm r 


pBRT10 


0.97 


0.8 




p ACT10 


8.6 




7.1 


pACYCI 84 


0 




6.8 



Claims 

1 . A vector devoid of antibiotic resistance genes and bearing a thymidylate synthase gene as a selection 
marker. 

2. A vector as claimed in claim 1 wherein the thymidylate synthase gene is derived from a G.R.A.S. 
(generally recognised as safe) micro-organism. 

3. A vector as claimed in claim 1 or claim 2 wherein the thymidylate synthase gene is derived from 
Lactobacillus casei . 

4. A vector as claimed in claim 1 or claim 2 wherein the thymidylate synthase gene is derived from 
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Streptococcus lactis . 

5. A vector as claimed in any preceding claim wherein th thy rnidy late synthase gene is th gene deposited 
in plasmid pGDT11 at the National Collection of Industrial and Marine Bacteria, Torry Res arch Station, 
Aberdeen, Scotland, under accession No. 40153, or a gene substantially similar thereto, the said gene 

5 encoding thymidylate synthase activity. 

6. A vector as claimed in claim 4 wherein the thymidylate synthase gene has the DNA sequence shown in 
Figure 11, or a sequence substantially similar thereto, the said sequence encoding thymidylate synthase 
activity. 

7. The thymidylate synthase gene deposited at the National Collection of Industrial and Marine Bacteria, 
70 Torry Research Station, Aberdeen, Scotland, under accession No. 40153, or a gene which is substantially 

similar thereto, the said gene encoding thymidylate synthase activity. 

8. A thmidyiate synthase gene having the DNA sequence shown in Figure 1 1 , or a sequence substantially 
similar thereto, the said sequence encoding thymidylate synthyase activity. 

9. A thymidylate synthase gene as claimed in claim 7 or claim 8 in biologically pure form. 

75 10. Host ceils comprising a vector as claimed in any of claims 1 to 6 or a gene as claimed in any of claims 
7 to 9. 

11. Host cells as claimed in claim 10 in biologically pure form. 

12. A method of genetically labelling a cell which has received a gene of interest comprising:- 
(a) coupling the gene of interest with a thymidylate synthase gene, 

20 (b) transforming a recipient ceil, which is devoid of thymidylate synthase activity, with the coupled gene of 
interest and thymidylate synthase gene, 

such that cells which have received the gene of interest will be thymidylate synthase positive. 

13. A method of stably maintaining a gene of interest in a cell which has received the gene of interest by 
genetic manipulation, comprising:- 

25 • (a) coupling the gene of interest to a thymidylate synthase gene, 

(b) transforming a recipient cell, which is devoid of thymidylate synthase activity, with the coupled gene 
of interest and thymidylate synthase gene, and 

30 (c) maintaining the recipient cell in a culture medium devoid of or limited in thymidine or thymine, such 
that only cells which maintain the thymidylate synthase gene grow. 
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MOLECULAR 
WEIGHT (K Da) 

200 

lOO^ 
92 r~ ~ 
69_ 



46 ~~ f# (KDa) 

30(thyA) 

30 ■ - m~ mam> ^ — * — 29(bla> 

~\28(neo) 
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FIG 6 
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FIG 9 
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-35 
TTG XAC 



-10 



CAT ATC SAG 5TG GTG {t3s |tXT AAt]gAA frO 



TCT GAG AGC TTA TTT TGG GAA ATA CI* 
SO 

'£5* ~ T ^ ™ XS £p Si 52 SI & Si£ JS' 120 

att r»i »it ATC CTA GAT AAT GGT <3TT TTT TCA GAA XAT OCA AG* CCA AAG TAT AAO CAT 1*9 
Xte Gl» MO IU £S *»n Gly v.l Phe M OU A™ U. Ar, pro Ly. Tyr Ly A»p 

ralT <-AA ATO 6CG AAT AGC AAA TAT GTC ACT GCT TCA TTC GTT ACT TAT GAT TTC CAA AAG 240 
Gly c£ £2 Al2 £n £. Tyr V,l Thr Gly Ser Ph. v.l Thr Tys MP U*U Gin ty. 

-r-r^ r^-x iTt ire xCT TTG CGT CCA ATT CCA ATC AAA TCT GCT ATT AAA CAA TIG 300 
S£ SS £S tS SS Arl 5rp lie Pre U* Ly S Ser Ala IU Mr- Glu Leu 

„. x _. rx , GAC pu ACA ACT GAA CTT TCT GTT CTC GAA GAG AAG TAT GGA GTC 3*0 

S£ S x£ Sn* s£ ?ir Glu Leu s«r V.l Glu Glu Ly» Ty* Oly V*l 

kX> Txr tcg gga GAA TGG GGA ATT GGT GAT GST ACS ATT GGG CAA CGT TAT GCT GCA ACA 420 
Ly» Tyr Trp Gly Glu Trp Gly lie Gly A*p Gly Thr lie Gly Gin Ar 9 Tyr Gly Al* Thr 

HcoX 

GTC AAA AAA TAT AAT ATC ATT GGT AAA TTA TTA GAA GGC TTG GCC AAA AAT CCA TCG AAT 480 
fcy* Ly» Tyr En lie He Gly Lys Leu Leu Glu Gly Leu »U Lys Asn Pro Trp Asa 

sssassssssasEsssssaa" 

SS 5 K £ Si ffi K 52 SI SS SI K IK K 55 25 SS S 2 "° 
SSSSS8SSBSSSSSSSSSSS" 

ssassasasasssBBaasss- 
BBBsaaBSSBSssrssaasE- 

rxx evr TTT GAA CTT GTG GAC TAT GAG CCA 6TA AAA CCT 900 
2gg Asp Jg 2 SS VAX Acp Tyr Glu Pro V>1 W Pro 

CAA TT5 AAA TTT GAT TTA GCA ATT TAA ATT AAT CTA TAA GTT aCt""gac""aAA ACT GTC AGC 960 
Gin Leu Lys ?h« Asp Leu aIa H* a** 

ACC GTC ACC CTG GAT. GCT GTA GGC ATA GGC TTG GTT. ATG CCG G£A CTG CCG g§C CTC TTG 

ECORV 
CGG CAT ATC 
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